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(57) ABSTRACT

Lithium compound functionalized carbonaceous materials
are dispersed in a homogenous aqueous mixture. The mixture
is dispersed in water used to mix cement and aggregate and
remain dispersed in the cement. Spraying the aqueous mix-
ture over cracked or damaged concrete surfaces fill the cracks
or damages with the functionalized nanotubes. The solution
solves problems of concrete permeability, eliminates alkali-
silica reactions, avoids shrinkage and thermal stress and
improves durability of concrete.
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1
HIGHLY DURABLE COMPOSITE AND
MANUFACTURING THEREOF

This application claims the benefit of U.S. Provisional
Application No. 61/342,807, filed Apr. 20, 2010, which is
hereby incorporated by reference in its entirety as if fully set
forth herein.

The disclosure of U.S. patent application Ser. No. 11/904,
247, filed Sep. 25, 2007, now U.S. Pat. No. 7,713,448 and
U.S. Continuation application Ser. No. 12/661,600, filed Mar.
19, 2010 entitled Carbon Nanomaterials Dispersion and Sta-
bilization, are hereby incorporated by reference in their
entireties as if fully set forth herein.

SUMMARY OF THE INVENTION

Concrete structures have to sustain extreme conditions in
service life and are plagued with serious problems reducing
their durability. Nanostructures like carbon nanotubes
(CNTs) can address several of the concrete problems without
significantly modifying its composition and manufacturing
aspects. Carbon nanotubes with excellent physical and
chemical properties find application in various technological
fields. The major shortcomings of concrete include shrink-
age, thermal stresses, cracks due to alkali-silica reaction
(ASR), and permeability leading to corrosion of rebars. There
have been numerous remedies to each of these problems in
the form of admixtures, however, there is no single admixture
addressing all these issues.

Oceanit’s novel approach of using hybrid nanostructure
based admixture answers several of the above mentioned
critical issues. Oceanit’s admixture is composed of hybrid
nanostructures dispersed in water prior to mixing in concrete.
The admixture mixes thoroughly with the other ingredients of
concrete without affecting the overall chemistry and hydra-
tion process.

The new hybrid structures include CNTs decorated and
functionalized both on inner and outer surfaces with lithium
compounds, such as LiNO;, Li,CO;, LiF, LiCl and Li,S0,.

The new hybrid nanostructures afford physical and chemi-
cal properties of CNTs along with the properties of the addi-
tive materials. Carbon nanotubes are strongest carbon fibers
with exceptionally high Young’s modulus about 5x that of
steel which impart superior mechanical properties to con-
crete. The high aspect ratio of CNTs result in reactive surface
areas for surface modification. Moreover, CNTs are corrosion
and oxidation resistant.

The advantages afforded by the hybrid nanostructure based
admixture include: (a) low permeability, (b) low shrinkage
and thermal stresses, and (c¢) mitigation and elimination of
ASR related damages. The hybrid nanostructure admixture is
composed of nanoscale filler materials that exhibit very high
surface area and excellent dispersion, thereby significantly
improving the packing density of concrete. High packing
density ensures low permeability which controls the damages
caused by atmospheric gases (e.g., CO,, chlorides and sul-
phates) and moisture. Hydrophobic nature of CNTs prevents
moisture from permeating through cracks to prevent further
damage through corrosion of rebars. CNTs have negative
coefficient of thermal expansion and very high thermal con-
ductivity which can counterbalance the volumetric variations
and thermal stresses encountered by concrete during extreme
weather conditions.

To mitigate and control alkali-silica-reactivity in concrete
the admixture incorporates lithium based compounds deco-
rated and functionalized onto the nanoscale filler materials.
The lithium compound functionalized and decorated nano-

10

15

20

25

30

35

40

45

50

55

60

65

2

structures well dispersed in concrete are very efficient in
controlling the premature deterioration caused by ASR.
Essentially, lithium reacts with reactive silica of the aggre-
gates in concrete to form lithium-silica gel which is non-
expansive and nondestructive.

The new hybrid nanomaterial admixture has a significant
commercial value based on its multi-functional properties for
enhanced durability of concrete.

Based on existing literature there is no commercial or
scientific document that relates to the development of a single
admixture for addressing more than one critical issue affect-
ing concrete either during manufacturing or in service. There
are several admixtures by different admixture manufacturing
companies addressing acceleration or retardation of setting,
shrinkage, water reduction, ASR and many other issues, but
each is for a specific task. Examples of the admixtures for
addressing ASR related issue are listed below.

W. R. Grace Co. RASIR™ is a commercial liquid admix-
ture to mitigate and control ASR in concrete when using high
or moderate-alkali cement. RASIR is a 30 wt. % solution of
lithium nitrate in water.

Euclid Chemical Co. EUCON INTEGRAL ARC is a
lithium nitrate based specially formulated admixture to con-
trol alkali-silica reactivity (ASR) in concrete. Eucon Integral
Arc is a 40 wt. % solution of lithium nitrate in water.

BASF Chemical Co., ASRx 30 LN lithium based, liquid
admixture is formulated for use in high-alkali concrete con-
taining reactive aggregates to inhibit and control alkali-silica
reactivity (ASR). ASRx 30LN is 30 wt. % solution of lithium
nitrate in water.

Oceanit’s new hybrid nanomaterial admixture is unique
compared to all other currently available admixtures, since
the novel nanomaterial admixture addresses several critical
problems affecting the durability of concrete e.g., permeabil-
ity, shrinkage, thermal stresses and ASR damages.

Commercial admixtures for ASR mitigation are simple
mixtures of lithium nitrate in water either mixed with con-
crete while casting or sprayed over damaged concrete struc-
tures to control further ASR damages.

An efficient control of ASR depends on effective distribu-
tion of lithium compounds in concrete. Oceanit’s admixture
is composed of ahomogeneous solution of lithium compound
decorated CNTs in water; hence distribution of lithium com-
pound decorated CNTs in concrete is uniform which can
efficiently mitigate and control alkali-silica reactivity. More-
over, uniform distribution of nanostructure admixture
reduces the quantity of lithium compounds required to
address ASR in concrete.

The invention provides a hybrid nanomaterial admixture
for addition to concrete. Nanostructures functionalized
(decorated) with lithium compound and adapted for addition
to concrete. The hybrid nanomaterial admixture of nanostruc-
tures functionalized with lithium compound is suspended in
anaqueous phase and mixed with a slurry of cement, sand and
aggregate before pouring the slurry into forms. The new
admixture of nanostructures functionalized with lithium
compound provides low permeability, low shrinkage, low
thermal stresses, mitigation and elimination of alkali-silica
reactions, and improved durability of the concrete.

In another embodiment, the new hybrid nanomaterial
admixture of nanostructures functionalized with lithium
compound is homogenized in an aqueous phase and is dis-
tributed over a surface of concrete. The nanostructures
migrate into and fill the fine cracks and carry the lithium
compound into the cracks. The admixture prevents perme-
ation of water into the cracks and prevents further alkali-silica
reaction.
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The new nanomaterial admixture of nanostructures func-
tionalized with lithium compound provides at the same time
low permeability, low shrinkage and thermal stresses, miti-
gation and elimination of alkali-silica reaction, an improved
durability of the concrete and fills cracks in the concrete.

The nanostructures comprise carbon nanotubes in one
embodiment. The lithium compound may be selected from
LiNO,, Li,CO;, LiF, LiCl and Li,S0O, and other lithium com-
pounds and combinations thereof.

This invention provides as a new product a solution of
nanomaterials functionalized with lithium compound for use
in or on concrete. In one embodiment of the product, the
nanomaterials are carbon nanotubes, and the lithium com-
pound is LiNO;, Li,CO;, LiF, LiCl, Li,SO, or other lithium
compound or combinations thereof.

The solution is a homogenous aqueous mixture of the
carbon nanotubes functionalized with the lithium compound
and has about 30% by weight of the lithium compound in
relation to a total weight of the carbon nanotubes and lithium
compound mixture.

A new process of the invention includes applying lithium
functionalized nanostructures to concrete. The new process
aids in reducing or eliminating problems of concrete shrink-
age, thermal stresses and cracks due to alkali-silicareaction in
the concrete. The applying the lithium functionalized nano-
structures includes applying the lithium functionalized nano-
structures to water used in creating a slurry of cement, and
aggregate before pouring the slurry and forming and setting
the concrete. The lithium functionalized nanostructures mix
thoroughly with ingredients of the slurry without affecting
overall chemistry and hydration of the slurry and the resulting
concrete.

In one form of the invention, the applying the lithium
functionalized nanostructures to the concrete includes coat-
ing a surface of the concrete with the lithium functionalized
nanostructures. The coating of the surface of concrete with
the lithium functionalized nanostructures includes spraying
an aqueous solution of the lithium functionalized nanostruc-
tures over the surface of concrete.

The coating also includes spraying an aqueous solution of
the lithium functionalized nanostructures over a surface of
damaged concrete. The applying the lithium functionalized
nanostructures comprises applying a homogenous aqueous
solution of lithium compound functionalized carbon nano-
tubes.

The new applying the lithium functionalized nanostruc-
tures includes applying a homogenous aqueous solution of
carbon nanotubes functionalized with lithium compound,
such as LiNOj;, Li,CO;, LiF, LiCl and Li,S0O,. The lithium
compound is about 30% by weight of a total weight of the
carbon nano tubes and the lithium compound.

These and further and other objects and features of the
invention are apparent in the disclosure, which includes the
above and ongoing written specification, with the claims and
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a micrograph of set concrete.

FIG. 2 is a micrograph showing the effect of CNTs on
concrete.

FIG. 3 is a micrograph of lithium compound functionalized
(decorated) CNTs (~30 wt. % of LiNOj;).

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a micrograph showing concrete particles 10 in a
structure 20.
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FIG. 2 is a micrograph showing the effect of CNTs on
concrete. The CNTs 30 are dispersed throughout the concrete
structure 40.

FIG. 3 is a micrograph 50 of lithium compound 60 deco-
rated CNTs 30. Lithium compound functionalized CNTs 60
dispersed in an aqueous solution are sprayed over the surfaces
of'a new or damaged concrete body. The lithium compound
functionalized (decorated) CNTs 60 migrate over the sur-
faces, coating the surfaces, and flow into micro cracks and
larger cracks to mitigate and prevent ASR.

When mixing CNTs functionalized with lithium com-
pounds, the CNT lithium compound mixture is mechanically
stirred and is added to the water used in creating a cement and
aggregate slurry. The functionalized CNTs are distributed
uniformly throughout the slurry, and the cement hardens
around the CNT’s and lithium compound.

A single (Oceanit’s hybrid nanomaterial admixture)
admixture addresses several critical problems affecting the
durability in concrete. The current invention addresses per-
meability, shrinkage, thermal stresses and ASR damages
encountered in concrete. Moreover, there is no commercial
admixture that addresses more than one of the concrete prob-
lems. Essentially they address only one specific problem at
any given time.

While the invention has been described with reference to
specific embodiments, modifications and variations of the
invention may be constructed without departing from the
scope of the invention, which is defined in the following
claims.

We claim:

1. A composition comprising cement and a hybrid nano-
material admixture, the hybrid nanomaterial further compris-
ing nanostructures functionalized with lithium compound,
and the admixture is an addition to cementitious materials or
concrete.

2. The composition of claim 1, wherein water, sand and
aggregate are added to the admixture of cement and nano-
structures functionalized with lithium compound and
wherein the admixture is suspended in an aqueous phase and
mixed with slurry of the sand and aggregate before pouring
the slurry into forms.

3. The composition of claim 2, wherein the admixture of
cement and nanostructures functionalized with lithium com-
pound in the water, sand and aggregate provides reduced
permeability, reduced shrinkage, reduced thermal stresses,
mitigation and elimination of alkali-silica reactions, and
enhanced durability of resultant concrete.

4. The composition of claim 1, wherein water is added and
the admixture of cement and nanostructures functionalized
with lithium compound is suspended in an aqueous phase and
is distributed over a surface of concrete.

5. The composition of claim 4, wherein water and cemen-
titious materials added to the admixture of cement and nano-
structures functionalized with lithium compound provide
reduced permeability, reduced shrinkage and thermal
stresses, mitigation and elimination of alkali-silica reaction,
an enhanced durability of the concrete and fills cracks in
resultant concrete.

6. The composition of claim 1, wherein the nanostructures
comprise functionalized carbonaceous nanomaterials, car-
bon nanotubes, nanoparticles, graphite or graphene struc-
tures.

7. The composition of claim 6, wherein the lithium com-
pound is selected from the group consisting of LiNOj;,
Li,CO;, LiF, LiCl and Li,SO, or combinations thereof.
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8. A composition comprising an aqueous solution of
cementitious materials and carbonaceous nanomaterials
functionalized with lithium compound for use in or on con-
crete.

9. The composition of claim 8, wherein the carbonaceous
nanomaterials are carbon nanotubes and the lithium com-
pound is selected from the group consisting of LiNO;,
Li,CO,, LiF, LiCl, Li,SO, or other lithium compound or
combinations thereof.

10. The composition of claim 8, wherein the solution is a
homogenous aqueous mixture of the cementitious materials
and the carbonaceous materials, which are nanotubes, nano-
particles, graphite or graphene materials functionalized with
the lithium compound has about 1-50% by weight of the
lithium compound in relation to a total weight of the com-
bined carbon nanomaterials and the lithium compound mix-
ture.

11. A process comprising applying an aqueous solution of
cement and lithium functionalized nanostructures to con-
crete.

12. The process of claim 11, further comprising reducing or
eliminating problems of concrete shrinkage, thermal stresses
and cracks due to alkali-silica reaction in the concrete by the
applying of the aqueous solution to the concrete.

13. The process of claim 11, wherein the applying the
lithium functionalized nanostructures comprises applying the
lithium functionalized nanostructures to water used in creat-
ing a slurry of cement, and aggregate before pouring the
slurry and forming and setting the concrete.
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14. The process of claim 13, wherein the lithium function-
alized nanostructures mix thoroughly with ingredients of the
slurry without affecting overall chemistry and hydration of
the slurry and the resulting concrete.

15. The process of claim 11, wherein the applying the
lithium functionalized nanostructures to the concrete com-
prises coating a surface of the concrete with the lithium func-
tionalized nanostructures.

16. The process of claim 15, wherein the coating the sur-
face of concrete with the lithium functionalized nanostruc-
tures comprises spraying an aqueous solution of the lithium
functionalized nanostructures over the surface of concrete.

17. The process of claim 15, wherein the coating the con-
crete with the lithium functionalized nanostructures com-
prises spraying an aqueous solution of the lithium function-
alized nanostructures over a surface of damaged concrete.

18. The process of claim 11, wherein the applying the
lithium functionalized nanostructures comprises applying a
homogenous aqueous solution of lithium compound func-
tionalized carbon nanotubes.

19. The process of claim 11, wherein the applying of the
lithium functionalized nanostructures comprises applying a
homogenous aqueous solution of the carbon nanotubes func-
tionalized with lithium compound, selected from the group
consisting of LiNO;, Li,COj;, LiF, LiCl and Li,SO,, or other
lithium compound or combination wherein the lithium com-
poundis about 1-50% by weight of a total combined weight of
the carbon nanotubes and the lithium compound.
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